ABSTRACT Artificial cranial modification (ACM) involves the alteration of cranial vault shape by cultural means, and is performed during infancy while the cranial bones remain soft and malleable. The direction of normal cranial growth is altered through the application of external forces. In this study, three types of ACM from north-central Peru (posterior flattening, bilobed and circumferential) were analysed using standard craniometric techniques. The aim was to determine the effects of these forms of ACM on craniofacial morphology, and the extent to which different types of ACM could be distinguished from one another and unmodified crania on the basis of these measurements. Significant differences between artificially modified and unmodified crania, and between different types of ACM, were demonstrated in cranial vault shape for all types. Significant differences in facial morphology were found only in the bilobed group compared with the unmodified crania. Canonical variates analysis (discriminant analysis) confirmed that major differences between modification types and unmodified crania were in measurements and angles of the cranial vault. While the results show some similarities to previous studies, they add to the variability in the patterns and extent of differences documented to date. It is suggested, based on these results and visual observations, that interpopulation variation in ACM within major modification categories may explain some of the variability in results between studies, an explanation which has previously received insufficient recognition but which remains to be tested since varied methodology between studies may also be a contributory factor. While previous studies have often sought to generalise about the effects of ACM, the examination of the differences between populations even within major ACM categories may offer new insight into cultural variation in modification techniques between populations and the nature of craniofacial development.
Introduction
Anatomically, artificial cranial modification (ACM) is 'the product of the dynamic distortion of the normal vectors of infantile neurocranial growth through the agency of externally applied forces' (Gerszten, 1993: p. 87 ). The restriction of cranial growth in certain directions results in compensatory growth in other less restricted or unrestricted directions (Aufderheide & Rodríguez-Martín, 1998 ) and thus alteration of cranial shape. The direction of growth, rather than its magnitude, is affected (Moss, 1958) and the brain achieves a volume comparable to unmodified crania (Aufderheide & Rodríguez-Martín, 1998) .
ACM has had a surprisingly broad distribution throughout the world, being found on every inhabited continent at some stage in the past (e.g. Hrdlička, 1922; Dingwall, 1931; Blackwood & Danby, 1955; Brown, 1981; Antó n & Weinstein, 1999; Ozbek, 2001) . It has been suggested for the Dynasty of Akhenaten in ancient Egypt (Snorrason, 1946) , and was common in certain districts of 19th century France (Dingwall, 1931) . The earliest certain cases of ACM come from Late Palaeolithic Australia and China (Brothwell, 1975; Brown, 1981; Clark et al., 2007) .
To produce permanent effects, ACM must be performed during infancy when the cranial bones are malleable and when the trajectory of growth can be controlled (Dingwall, 1931; Torres-Rouff, 2002) . It is therefore not a feature acquired through individual choice (Torres-Rouff, 2002) , but rather that of parents or carers. An exception might be cradle-boarding or laying the infant with its head on a hard surface for long periods, which unintentionally flattens the occipital region (Dingwall, 1931; Moss, 1958; Mason, 1887) . Methods of intentionally modifying crania are more varied and the effects generally more pronounced. Cloth or other material may be used, sometimes with boards, pads, bags of earth or clay or even special headdresses (Dingwall, 1931; Allison et al., 1981) .
The suggested motives for intentional ACM are varied, but not mutually exclusive. ACM may symbolise social identity, as some Spanish chroniclers suggested for the Andean region (Aufderheide & Rodríguez-Martín, 1998) . It can serve as both a permanent symbol of intra-group solidarity and of inter-group cultural differences (Torres-Rouff, 2002) . As such, it may be useful in archaeological studies of inter-group interactions (e.g. Torres-Rouff, 2002) . Cultural notions of attractiveness (Hatt, 1915; Dingwall, 1931; Blackwood & Danby, 1955) and supposed health benefits (Hatt, 1915) have also been cited as reasons for the practice, although such explanations have not generally received strong support in subsequent work. However, Blackwood & Danby (1955) present ethnographic evidence from Melanesia that ACM was considered to increase an individual's physical attractiveness. This provides valuable insight to a practice that had largely died out worldwide during the 20th century
The purpose of this study is twofold: (1) to examine metrically the effects of different types of ACM on morphology in order to assess the way in which they can be distinguished metrically; (2) to investigate the extent to which different forms of cranial modification influence facial morphology. The cranium may be considered a functional matrix comprising numerous series of interacting functional units (Moss, 1958; Antó n, 1989) . Growth restriction in the cranial vault therefore indirectly affects growth in other areas such as the cranial base and face (see Blackwood & Danby, 1955; Moss, 1958; Bjork & Bjork, 1964; Schendel et al., 1980; Brown, 1981; Antó n, 1989; Cheverud et al., 1992; Kohn et al., 1993; Cocilovo & Costa-Junquiera, 2001 ; Rhode & Arriaza, 2006 ; and experimental work on rats, Puciarelli, 1978) . Kohn et al. (1993) have produced a useful geometric model of the effects of ACM on the cranial base and face and the way in which they interact. The neurocranium is represented by a square and the face by an attached triangle (when viewing the cranium superiorly). The extent of this interdependence between different cranial elements is a matter of controversy which metric studies have attempted to address (Antó n, 1989) .
Several such studies have been undertaken (e.g. Blackwood & Danby, 1955; McNeill & Newton, 1965; Schendel et al., 1980; Brown, 1981; Antó n, 1989; Cheverud et al. 1992; Kohn et al., 1993; Cocilovo & Costa-Junqueira, 2001; Rhode & Arriaza, 2006) but the number of populations analysed is small and several studies include material from the same collections. Comparisons between studies are limited by the variety of techniques used, which include finite element scaling analysis (Cheverud et al., 1992; Kohn et al., 1993) , and measurements taken from the crania directly and/or X-rays (e.g. Moss, 1958; McNeill & Newton, 1965; Antó n, 1989) . However, these studies have generally confirmed and quantified the visually observed effects of ACM, and highlighted changes in the shape of the cranial base and face, although the precise differences observed and their extent even within modification types 
Materials and methods
The crania studied are derived from four sites in north-central Peru (Figure 1 ). Pitakilla, Paucarmás and Tuquillo are located on an approximate transect from the Andes to the coast. The sample from Huallamarca represents another coastal population, from Lima. Pitakilla occupies a long natural rock shelter overlooking the archaeological site of Gotushjirka, at about 3650 m altitude in the Cordillera Blanca. The crania were from 10 machayes (communal mortuary structures) of which only one remains standing, and a natural tunnel and crevice in the rock shelter. All were lying on the surface. The site dates to the Early Intermediate Period (AD 200-600) and Middle Horizon (AD 600-1100) (Herrera, 2005) .
The necropolis at Paucarmás is located on the southern margin of the upper Río Loco in the Cordillera Negra at about 3375 m altitude. It consists of at least 22 machayes distributed along a horizontal kilometre of slope. The crania studied were from two subterranean structures located beneath large rock outcrops. The human bones lay on the surface within the structures and probably date from the Late Intermediate Period (AD 1100-1400) (Herrera, 2005) . Crania were studied on site at both Pitakilla and Paucarmás.
The Tuquillo sample is from a heavily looted Late Intermediate Period cemetery on the Tuquillo peninsula, north of the Huarmey valley. The sample, Registry Number 20040, is from a surface collection conducted by Lorenzo Samaniego in July 1978. There is no published information on the collection (which is stored at the Max Uhle Museum at Sechin, near Casma).
The fourth sample was from the huaca at Huallamarca, situated in the San Isidro district of Lima. This ceremonial adobe platform dates to the Lima culture (AD 200-600), but was used in later periods for burials. The sample consists of eight specimens excavated at the huaca, dating to the Late Intermediate Period and Late Horizon (AD 1400-1532).
Classification of crania
There are many different classification systems for ACM. Many use broad categories, contrasting 'fronto-occipital deformation' (Cheverud et al., 1992; Clark et al., 2007) or 'antero-posterior deformation' (McNeill & Newton, 1965; Antó n, 1989; Rhode & Arriaza, 2006) with 'circumferential deformation', or 'vertical' versus 'oblique' occipital orientation (Moss, 1958) . However, such systems may mask interpopulation variability in cranial form. Although some researchers avoid (Allison et al. 1981) or discourage (Blackwood & Danby, 1955) naming types, it is useful to facilitate discussion.
Three types of ACM were recorded in this study. The first, 'posterior flattening', is characterised visually by flattening of the occipital region and an increase in breadth in the parietal region, while the frontal bone is unaffected (Figure 2a ). Posterior flattening in our sample may have been unintentional, as it was highly variable in extent, and frequently mild and asymmetrical. This would be consistent with the effects of cradle practices (Neumann, 1942) . This type has received little attention in craniometric studies (except Ewing, 1950; Moss, 1958) . Antó n (1989) suggests that generally this type of modification is not included within ACM, but it is included here because it is the product of cultural practices with potentially intentional effects (Dingwall, 1931) , and may have implications for studies attempting to examine relationships between populations using standard craniometric techniques. Reichlen (1982) suggests that posterior flattening was unknown in the Peruvian highlands before the Inca period, but the sample studied here does not support this.
The second group was termed 'bilobed' (e.g. Dingwall, 1931) , referring to the two distinct lobes formed in the parietal region on either side of the sagittal suture (Figure 2b ). This was clearly distinguished from posterior flattening by the presence of frontal modification and a clear depression along the line of the sagittal suture. Growth is restricted antero-posteriorly and compensatory growth occurs laterally and vertically. The direction of restriction is similar to the posterior flattening type, but more marked and affects the frontal bone as well as the occipital. Some cases in the literature (e.g. Dingwall, 1931) are far more marked than any studied here implying substantial interpopulation variation. This type of modification was often found in coastal populations in pre-Columbian Peru (Dingwall, 1931; Bjork & Bjork, 1965; Reichlen, 1982) and was probably produced using a headdress encircling the vault with an additional band along the line of the sagittal suture (Weiss, 1961; Allison et al., 1981) . Although a depression along the sagittal suture may occur naturally, its extent, combination with frontal modification and the geographical limitation of this character to individuals from a single site (Tuquillo) indicate that this is a consequence of this particular method of ACM. Variability in bilobed modification was high in terms of modification of the frontal, angulation of the occipital, and severity (as illustrated in Figure 2b ). The occurrence of these different features showed no consistent pattern, so they were studied as a single group.
The third group was termed 'circumferential' and characterised by narrowing and posterosuperior elongation of the cranial vault as a result of binding the cranium around its circumference with fabric or other material (Figure 2c ). In preColumbian Peru this type of modification was often (though not exclusively) found in highland populations (Dingwall, 1931; Bjork & Bjork, 1964; Hoshower et al., 1995) . Again, there is considerable interpopulation variability in the severity of modification, and resulting cranial shape within ( Figure 2c ) and between populations (see e.g. Weiss, 1961) . The unmodified group consisted of crania with no indications of ACM. The use of comparative samples from populations other than that from which modified crania are derived has been criticised (Cheverud et al., 1992; Kohn et al., 1993) . Although it would be ideal to use crania derived from single populations to minimise the effects of interpopulation genetic or environmental differences, this was not possible due to small sample sizes. Hence unmodified crania from all sites were pooled to produce a single unmodified group. Current understanding of temporal and geographical craniometric variation in Peru is somewhat limited due to the small number of previous studies (Ross et al., 2008) , perhaps in part because ACM is relatively common in Peruvian populations. A recent study of coastal and highland populations from central and northern Peru has demonstrated some differences in cranial shape, but not overall size, between populations (Ross et al., 2008) . Coastal populations are characterised by lower, longer cranial vaults than highland populations (Newman, 1943; Ross et al., 2008) and postcranial morphology also shows a distinction between highland and coastal populations (Weinstein, 2005) , while there is morphological similarity within these regions even over relatively large areas. This may reflect the combined effects of genetic drift, environmental adaptation (particularly for postcranial morphology) and dietary influences. However, Ericksen (1962) observed a temporal reduction in cranial length in a highland population from Cajamarca which might have been a reflection of increased gene flow with the coast over time. This may be of particular relevance to the populations examined in the current study which were mainly fairly late in date. Archaeological evidence for the degree of interaction between coastal and highland populations is controversial (Weinstein, 2005) but suggests some cultural interaction (and perhaps potentially gene flow) between the coast and the highlands in north-central Peru at this time, probably through trade networks for ceramics and animals/animal products (Lane, 2007) . Thus while the use of a combined unmodified sample in this study is not ideal, it seems that the degree of morphological similarity between populations, particularly within the highlands or coast respectively, and evidence suggestive of a degree of gene flow between these regions, justifies the use of a mixed unmodified sample in this case. Table 1 shows the number of crania in each group and the sites from which they derive. It should be noted that sample sizes are small, particularly for the circumferential group, and varied for individual measurements due to varying preservation. This should be borne in mind when examining the results presented here.
Measurements
Forty-four measurements were taken, as defined by Howells (1973) and one of the authors (MML), 11 cranial angles (after Howells, 1973) and six indices (after Bass, 1995) were calculated from the measurements. Sex was determined on the basis of cranial morphology (since associated pelves were available only at Huallamarca) using standard methods (Bass, 1995; White & Folkens, 2000) , with final sex determination classified as male, female or indeterminate. To ensure that the sex distribution was not statistically significant between the different groups, a Fisher's exact test (Table 2) 1 . Age was estimated on the basis of third molar eruption (where present) and fusion of the spheno-occipital synchondrosis, in order to ensure that only adult crania were included in the study (Bass, 1995; White & Folkens, 2000) .
Analysis of the metric effects of artificial cranial modification
Means of all measurements, angles and indices were tested for significant differences between the four groups using one-way ANOVA in SPSS 11.0. For measurements showing significant differences between the groups, post hoc tests were used to determine which differences were significant between the unmodified and each of the artificially modified groups, and between the different forms of ACM, in order clarify the pattern of differences. Where the Levine statistic for equality of variances was insignificant (and equal variances could be assumed), the post hoc test used was Hochberg's GT2 test, while where it was significant, a Games-Howell test was used (Field, 2005) .
Canonical variates analysis (CVA, or discriminant analysis) was used to explore how well the different types of ACM could be distinguished metrically from each other and from unmodified crania; which measurements are principally responsible for the differences observed; and whether the variation in the cranial vault associated with different forms of modification influenced facial morphology. In canonical variates analysis, multiple variables can be combined to produce mathematical equations (functions) which separate the groups most effectively (Klecka, 1980) . Variables to be included in the analysis were selected from those giving significant differences in the ANOVA results, and sample size was also taken into consideration to maximise the number of specimens included. Clark et al. (2007) recently applied discriminant analysis to craniometric data from artificially modified samples in order to develop a general equation to assist in distinguishing artificially modified and unmodified crania. Their focus was therefore on common features of different types of ACM, specifically cranial shape in the sagittal plane, in order to achieve maximum separation of modified and unmodified crania. In contrast, in the present study we applied similar techniques as a means to investigate the major differences between modification types using a variety of both cranial and facial measurements. Table 1 above detailed the sample sizes and origin of crania studied. A total of 46 crania were classified as unmodified, 33 as showing posterior flattening, 19 were classified as bilobed and 11 as showing circumferential modification. It should be noted that sample sizes for individual measurements vary due to differential preservation. The results of the ANOVA tests are given in Table 3 , along with descriptions of the measurements taken and abbreviations used to refer to them. The results of the post hoc pairwise comparisons between groups are given in Tables 4-9 .
Results
The results confirm the observation that the major effects of ACM are on the cranial vault, as indicated by the highly significant differences between unmodified and artificially modified crania in measurements of cranial length (GOL, NOL) and breadth (XFB, XPB, AUB, ASB, STB), angles of the vault (FRA, PAA, OCA) and indices of cranial shape. This analysis also allows quantification of the observed effects of ACM. The posteriorly flattened sample has significantly shorter vaults than the unmodified sample (GOL is reduced by 4.7%, NOL by 4.9%). The breadth (XPB) is greater by 4.9%. Whilst frontal and occipital angles are unaffected, the parietal angle in posteriorly flattened crania is more acute. Bilobed modification also results in shortened vaults (GOL and NOL are reduced by 7.5% and 7.0% respectively) and increased breadth (11.2% greater XPB) relative to the unmodified sample. By contrast, circumferential modification exhibits significantly greater cranial length (NOL) by 4.2%, and a 5.5% lower breadth (XPB) compared with the unmodified group, and significantly longer frontal and occipital cords (FRC, OCC) and frontal flattening (FRA) . Surprisingly, no significant difference in GOL was seen between these samples.
ACM also affects the morphology of the cranial vault in less visually obvious ways. With posterior flattening, greater cranial breadth was also observed in the frontal (XFB, STB) and temporal (AUB) areas. The difference in vault breadth is greater closer to the source of growth restriction (i.e. in the posterior region) than anteriorly (frontal region). Similarly, bilobed modification shows a significantly higher average maximum frontal breadth (XFB), and greater breadth in the temporal region. Since it is thought that bilobed modification is effected by applying pressure to the frontal and posterior regions of the neurocranium, it is interesting that this effect is so much less than on the parietal breadth. Pressure may be greatest on the posterior part of the cranium, or it may be more plastic (being less constrained by facial development) allowing more compensatory growth in this region.
The results also imply that in posteriorly flattened and bilobed crania, the majority of compensatory growth in the neurocranium occurs in the mediolateral plane rather than in a supero-inferior direction. There are no significant differences in cranial height (BBH) between unmodified and posteriorly flattened or bilobed crania, yet they show highly significant differences from unmodified crania in cranial breadth across the parietals, frontal and temporals. Although the modifying apparatus which is suggested to produce bilobed modification (see Weiss, 1961; Allison et al., 1981) might restrict height growth along the sagittal suture and frontal; no such height-restrictive effects should exist for the posteriorly flattened crania. It is possible that there is an increase in height which is not reflected in the measurement taken (basibregmatic height, BBH), since the work of Antó n (1989) and McNeill & Newton (1965) on 'anteroposterior' modification imply that there is height increase mainly posterior to bregma. Alternatively, small sample size due to frequent damage to the cranial base may have prevented differences from attaining statistical significance between the groups.
Unexpectedly, circumferential modification also showed no significant difference in cranial height. However, the visually marked height increase is principally posterior to the point of measurement, which may account for this result. Small sample size may also contribute.
Comparisons of different types of ACM highlight the contrasts described above in the direction of restriction and lateral growth between the posteriorly flattened and bilobed crania on the one hand, and the circumferentially modified crania on the other. The suggestion that the effects of posterior flattening are less severe than bilobed modification is supported, with the former showing a smaller decrease in cranial length and a smaller increase in cranial breadth across the parietals, frontal and temporals. However, the differences in the effects on breadth were only statistically significant between these groups for parietal breadth. Bilobed modification shows significantly greater frontal and occipital flattening in the sagittal plane compared with posterior flattening, again reflecting the greater severity of modification in the bilobed group and differences in the method used to produce the modification.
Only bilobed modification shows significant differences from unmodified crania in facial morphology, namely a significantly higher mean fronto-maxillary breadth (FMB) and less prognathism (indicated by SSS). The posteriorly flattened group shows significantly greater facial flatness in the orbital area (DKA) than the bilobed group, and the posteriorly flattened greater than the circumferential group. The circumferential group shows significantly greater lower-facial flatness than the bilobed group. Although the one-way ANOVA demonstrates statistically significant differences in mean upper facial height (NPH) and orbital height (OBH) between all of the groups, post hoc tests fail to show any significant pairwise differences.
Canonical variates analysis (discriminant analysis)
The function giving the highest rate of accurate classification used nine measurements: NOL, XFB, XPB, ASB, AUB, STB, PAC, FRC, OCS; and two angles: FRA and PAA. The functions can be used to predict group membership based on these variables, which can be compared with the actual group membership to indicate the effectiveness of the model. The number of specimens classified mathematically into the categories identified visually was 91.3%, or 73/80. This is considerably higher than expected if specimens were randomly assigned to groups, suggesting that the functions are powerful, and that the visual differences between the samples are quantitatively expressed by the measurements taken. The first function is primarily responsible for the separation of the circumferential group from others, while the second function separates the bilobed group from the unmodified and posterior flattening groups (Figure 3) . The circumferential group is visually well separated from the other three groups in Figure 3 , and while the unmodified and bilobed groups are well separated from each other, the posterior flattening group overlaps both of these groups. This suggests that the circumferentially modified sample is the most morphologically distinct. The Wilks' l values and their significances indicate that all three functions are likely to make substantial contribution to the separation of the groups ( p values before derivation of first 2 functions <0.001, before derivation of Function 3 ¼ 0.025). The canonical correlations indicate that particularly the first and second functions show high levels of correlation with the groups, and hence are powerful discriminators between them. Function 1 has an eigenvalue of 2.939, a canonical correlation of 0.864 and accounts for 59.4% of the variance. Function 2 accounts for 34.4% of the variance, with an eigenvalue of 1.704 and a canonical correlation of 0.794, while Function 3 accounts for 6.1% of the variance Italics denote comparisons which are close to showing statistically significant differences between the groups. 
The classification matrices using the original functions give a high rate of correct classification (91.3%), the main errors occurring in distinguishing between unmodified and posterior flattening cases in line with the impression given by Figure 3 that these two groups are not well separated. The cross-validation procedure (where each case is classified using new functions derived from all other cases except that in question, Table 10 ) gave a lower rate of correct classification at 73.9%, again reflecting mainly problems distinguishing between unmodified and posterior flattening, and between posterior flattening and bilobed crania. This reflects the overlap between these types in Figure 3 and the broad similarity in the direction of modification forces in posterior flattening and bilobed crania, with the result that more extreme cases of posterior flattening and milder cases of bilobed modification may show metric similarities.
Discussion
The effects of ACM observed here are broadly consistent with those found in other studies (e.g. Blackwood & Danby, 1955; McNeill & Newton, 1965; Brown, 1981; Antó n, 1989; Cheverud et al., 1992; Kohn et al., 1993; Cocilovo & Costa-Junqueira, 2001; Rhode & Arriaza, 2006) but suggest interpopulation differences in the extent and precise pattern of the effects of ACM on the vault. For example, Antó n (1989) reported significantly greater maximum cranial breadth by 10.8%, and maximum frontal breadth by 8.5% in her 'antero-posterior' (bilobed) group compared with unmodified crania, a slightly smaller difference in maximum cranial breadth, but a larger difference in maximum frontal breadth than found here. Cheverud et al. (1992) reported an approximately 5% lower cranial length in their 'fronto-occipitally' modified Peruvian sample, similar to the posterior flattening but less than the bilobed group here. With circumferential modification, Antó n (1989) demonstrated significantly higher maximum cranial breadth by 7.5% compared with unmodified samples, and significantly lower maximum frontal breadth (XFB) by 5.7%. In the present study, no significant differences in XFB were observed, and a similar difference in parietal breadth (XPB). Others have found a significantly higher cranial height (BBH) among circumferentially modified Melanesian crania than unmodified crania (Blackwood & Danby, 1955; Brown, 1981) , while no difference was observed here. Differences in the patterning and extent of the effects of ACM on cranial angles between this and other studies were also observed (e.g. McNeill & Newton, 1965; Antó n, 1989) . It is notable that our circumferential sample demonstrated a relatively mild modification compared with other samples (see Weiss, 1961 , for examples of severe circumferential modification in the Andes) which may be a contributory factor to differences in results between studies, although differences in methods and small sample size in the current study may also be contributory factors. Significantly greater facial flatness of the orbital area was found in the posteriorly flattened group than either the bilobed or circumferentially modified groups. While the first is the opposite of what might be expected in the light of Cheverud et al.'s views (1992) , the latter is expected under Kohn et al.'s (1993) model. However, no significant difference was found between the bilobed and circumferential groups in facial flatness, although these were the two groups predicted to differ most in this respect. Additionally, facial flatness was greater in the circumferential group than the bilobed group, contra expectations from Kohn et al.'s (1993) model. It may be that Cheverud et al.'s (1992) 'fronto-occipital' modification and the bilobed modification studied here affect the cranium differently due to differences between groups in the precise detail of the way the modification was performed. This In the cross validation analysis, each case is classified using functions derived from all other cases excluding the case in question. In the original analysis, 91.3% of cases were correctly classified, while in the cross-validation analysis 73.8% of cases were correctly classified. This decrease relates principally to difficulties distinguishing between the unmodified and posterior flattening groups.
some types of ACM. Ten measurements (BPL, NPH, OBH, OBB, WCB, NLH, NLB, ZYB, MAB and maxillo-alveolar length, not measured here) had been suggested to be suitable for this purpose as they were unaffected by ACM in some Argentinean groups (see Rhode & Arriaza, 2006) . Of these measurements, they found that only facial depth (BPL) and nasal breadth (NLB) were unaffected in both sexes observed in a sample of Chilean crania. A different pattern of results was obtained here (only orbital height, OBH, showed significant differences), supporting their assertion that these measurements are differentially affected by ACM according to the population studied. It should be remembered that any significant differences in cranial dimensions between the different types of modification could also relate in part to body size differences between the populations. However, it was not possible to test for such differences due to the relatively small numbers of unmodified crania from the individual sites and a lack of associated postcrania in which to examine potential body size differences. This is an area for further investigation which this and previous comparative studies involving different modification types and populations have not yet fully addressed.
This and previous studies have shown that ACM can have significant effects on the cranial vault, base and face. Future investigations should focus on variability resulting from apparently similar modification types. This will potentially refine our knowledge of the interactions between various elements of the cranium during growth beyond the information already gleaned from previous studies. The differences might result from small differences in the modification process itself, such as the position, intensity and duration of the application of the apparatus, or from other environmental or cultural factors which remain after the process of modification or which alter its effects. These factors are a component of the variation seen within populations showing a given modification type (Blackwood & Danby, 1955) . Variation within broad modification types (e.g. Weiss, 1961) and even within populations can be considerable, as observed in this study and highlighted by Blackwood & Danby (1955) . Variation between geographically close populations practising apparently the same type of modification may itself be of interest in terms of the degree to which practices varied on a local basis, and the implications this might have for interaction between such groups (Hoshower et al., 1995) .
Conclusion
Metric analysis was successfully used to characterise the effects of ACM on cranial vault and facial shape compared with unmodified crania. Measurements may be used to distinguish between different types of ACM. Although the patterns recorded broadly agreed with those of other studies, they differed in detail. This suggests that there may be considerable interpopulation differences in the precise effects of visually similar types of modification, a factor which warrants further investigation and greater recognition as a potentially contributory factor to differences in results between craniometric studies of ACM.
